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(54) Title: IMPLANT SURFACE PREPARATION 

(57) Abstract 

The present invention relates to processes for 
improving the surfaces of devices to be suigicaUy 
in living bone, and to i™Pl««^-;^^ 
haLg the impKJved surfaces. A titaniuin »»dy <10) 
which has been exposed to air has on it an ox de 

(JS of an oxidTor oxides of titanium whidi 
?JSL»Llly. '^or^U^^r^l*)J^'^ 
of a thickness in flic range of 70 Anptrwm to 150 
Angstroms. To render fl« titanium body (10) be«r 
suited for implantation, the outer surface (12) « gnt 
Ssted and then bulk '^Sl » 'f%'^.£ 
produced an etched area (16) which Is Cpbc of the 
oxide tayer (14). 
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asiMoy. As is 
1 Mai Ho. 

5 ("CP'') 

. tB^ btetias «^t^ CP SL pit. The p^fen^ 

paiftScte size for tMs gdt is m the f«,m ffibom 10 to ffl^^ (siteJ). 

t 50 to alboMt 80 psi. 



issintheE 



Thes 



moval of the a^ve oxidte Hayes- Ifrom the 



tisa£ 



of two parts (by voliame) 95.596 sulferic acid in water m& om pm. (by 
31.45% mariatic acid ia water ("ModifSed Msmaticetch'') at a t^psmm 



30 (to aboiat 10 mimites. This 
with sulfuric acid. This SI 



coom mmpsmmQ and sojbstaatiaUy feglow the boilijag poim of the 
ia Che jrasBge fsom about 60'C. to about SO*C. IMs mmme 
acid/hydrocMoric acid mtio of about 6:1. TOs preferred etch 
is coatrollable. allowiag tbe use of buJk etch tisaes im the raage ftom ato^^ 

thouttheris&ofviolem 
mrated HCl solutioas (e.g.. 98%) 
is preferably carried out ia the 
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units on the above-mentioned scale (1 micton - 0.S64 inch) yields: 
cone height range (approx.) — 0.30 to 0.50 micron 

cone base diameter range (approx.) = 0.30 to 0.60 micron. 
The degree of unifonni^ was found in all the sanq>les, and frcnn sample to 
sanq}le, at magnifications of 2.000 and 20,000. as cooapared with similar samples 
subjected to bulk etching without prior removal of the native oxide, as described in 
EXAMPLE NO. 2 above. 
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1. A method of preparing the surface of an inq>lant to be 
surgically implanted in living bone and made of titanium having a native oxide layer 
on die surface thereof, said method conq)rising the steps of 

removing the native oxide layer from the implant surface to provide a surface 
that can be Aird^ treated to produce a substantially uniform surface texture, and 

subjectiqg said surface from which the native oxidie layer has been removed to 
a further and different treatment, before reK>xidation thereof, to foim a substantially 
miiform surface tncture. 



2. The method of claim 1 wherein said native oxide layer is ranoved by 
etching said surface with hydrofhioric acid of sufficient strength to etch the native 
oxide layer at a rate of at least about 100 Angstroms per minute. 

3. The method of claim 2 wherein said hydrofluoric acid produces an etch 
rate of frcnn about 200 to about 350 Angstroms per minute. 

4. The method of claim 1 wherein said further and different treatment 
comprises etching said surface with a mixmre of sulfuric acid and hydrochloric acid. 

5. The method of claim 4 wherein said acid ^hing is carried out in an 
aqueous solution in which the ratio of suUWc acid to hydrodiloric acids is 
approximately 6 to 1. 

6. The method of claim S wherein said acid etching is carried out 
substantially in the absence of unreacted oxygen. 

7. The method of claim S wherein said acid etching is carried out at a 
temperature substantially above room temperature. 

8. The method of claim 3 which includes the st^ of depositing on the 
acid-etched sur&ce at least one material selected from the groiq> consisting of bone 
minerals, hydroxyapatite, whitlockite. bone morphogenic proteins and medicaments. 
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9. The metliod of claim 8 wherein said deposited material is in particulate 

fonn. 

10. The method of chum 8 wfaeiem said depositing step is carried out 
substanthdly in the absence of oxygen. 

11. The method of claim 1 which includes the step of grit blasting the 
surface of said device prior to the removal of said native oxide layer. 

12. The method of claim 11 wherem the grit used in said grit blasting is 
composed of titanium or a dilute alloy of titanium. 

13. Themethodofclahn 11 wheieni the grit used in said grit blasting has 
a particle size of from about 10 to about 60 microns. 

14. Themethodof claim 11 wherein said grit blasting is carried out at a 
pressure of from about SO to about 80 psi. 

15. In a human body wherein in^lants remain for a prolonged period of 
time, the in^rovement conqjrising an moplam that is made of titanium and having a 
surface prepared by removing the native oxide layer from the surface of the implam. 
and then acid etching the resulting surface. 

16. The implant of claim IS wherein the implant surface is grit blasted 
prior to removal of the native oxide layer. 

17. The implam of claim IS in which the surface resulting from said acid 
etching consists of a substantially uniform array of irregularities having peak-to-valley 
hei^its not greater dian about 10 microns. 
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18. The implant of claim 17 in whidb said irregularities conqnise substantial 
numbers of subitfantially cone-shap^ elements havirtg base-to-peak heights in the 
range £rom about 0.3 microns to about 1.5 microns. 

19. The inqplant of claim 18 in which said elements have substantially round 
bases the diameters of which are in the range from about 0.3 microns to about 1.2 
microns. 

20. The implant of claim 17 in which said irregularities comprise substantial 
niitnh gne of Substantially cone-shaped elements having substantially round bases the 
diameters of which are in Ae range from about 0.3 microns to about 0.6 microns. 

21. A method of preparing the surface of a dental implant made of titanium 
having on the surface thereof a native oxide layer having a thickness between about 
70 and about 150 Angstroms, said method comprising the steps of 

removing the native oxide layer from the surface of the iiiq>lant by etching 
said surface with hydrofluoric acid of sufficient strength to etch the native oxide layer 
at a rate of at least about 100 Angstroms per minute to provide a surface that can be 
further treated to produce a substantially imiform' surface texture on the inq)lant 
surface that is intended to engage bone, and 

removing the implant from the hydrofluoric acid after removal of the native 
oxide layer and, before re-oxidation of the etched surface, immersing the implant in a 
mixture of sulfuric acid and hydrochloric acid for about 3 to about 10 minutes to 
produce a uniformly etched surface. 

22. The method of claim 21 wherein the ratio of sulfuric acid to 
hydtodiloric acid in said aqueous solution is approximately 6 to 1. 

23. The method of claim 21 which includes the step of depositing on the 
acid-etched surface at least one material selected from tiie group consisting of bone 
minerals, hydroxy^atite, whitlockite. bone moiphogenic proteins and medicaments. 
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24. The method of claim 21 wherein said depositii^ step is carried out 
substamiaUy in the absence of oxygen. 

25. The method of claim 21 wMch further includes the step of grit blasting 
the implant sur&ce prior to removal of the native oxide layer.— 

26. A method of preparing the surface of a device that is surgically 
implant a b le in livii^g bone and that is made of titanium having a native oxide layer on 
the surface thereof, said method comprising the steps of removing substantially all of 
the native oxide from the surface of the device so as to leave said surfoce 
substantially uniformly free of said oxide, and performing further treatment of said 
uniformly free surface substantiaUy in the absence of unreacted oxygen. 

27. The method of chum 26 in which said step of removing the native 
oxide is performed in a time mtervai not greater than about one minute. 

28. A method of preparing the surface of a device that is surgically 
implantable in living bone comprising the steps of substantially completely stripping 
said surface of native oxide, and performing further treatment of said sur^ in the 
substantial absence of oxygen. 
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